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LIGHTWEIGHT ARMORED VEHICLE AND 
METHOD OF MAKING SAME 

This application is a continuation-in-part of US. patent 
application Ser. No. 08/073,186, ?led on Jun. 3, 1993, and 
noW abandoned. 

BACKGROUND OF THE INVENTION 

An improved lightweight armored vehicle and cost effec 
tive method of retro?tting standard automobiles to make 
them lightWeight armored vehicles is disclosed. Metal caps 
?t about laminated WindoWs to protect the laminated edges 
from stress, moisture and atmosphere and ?t Within the 
standard automobile’s original WindoW frame. Alternative 
laminated break-in resistant WindoWs ?t Within a standard 
automobile’s original WindoW frames. Prefabricated rigidly 
formed lightWeight opaque armor is molded to closely ?t 
Within the standard automobile. The armor is designed for 
cost effective on-site manufacture of components and cost 
effective installation procedures to produce an affordable 
lightWeight armored vehicle. 

BRIEF DESCRIPTION OF THE PRIOR ART 

The most prevalent method of armoring a standard auto 
mobile is by adding steel plate Where opaque armor is 
appropriate, replacing standard WindoW frames With larger 
WindoW frames and adding laminated transparent armor 
Within the neW larger WindoW frames. Such retro?tted 
armored vehicles are heavy, expensive to manufacture and 
maintain, have limited maneuverability, and have other 
de?ciencies. 

Prior to the present invention, modifying a standard 
automobile to give it lightWeight armored protection gener 
ally involved retro?tting the vehicle by stripping its inner 
furnishings, then measuring the vehicle as needed to deter 
mine the needed armor, then preparing, siZing and shaping 
armor and mountings and modifying the vehicle to accept 
the armor and mountings, then installing the armor and 
mountings, trimming the same for ?nal ?t during 
installation, then doing body Work as needed to hide the 
armor and reassembling the interior furnishings of the 
vehicle. This process Was best described in US. Pat. Nos. 
4,352,316; 4,316,404; 4,336,644; and 4,333,282 the disclo 
sures of Which are fully incorporated herein by reference. As 
discussed there in more detail, the WindoW mechanisms are 
removed, and a support system installed in each door for 
supporting a composite lexguard and laminate safety plate 
glass WindoW in a permanently closed position. Frames are 
rebuilt to receive and permanently seal With the neW side 
lights. The automobile’s frame is stuffed With ?exible bullet 
resistant material such as Woven ballistic cloth Which is cut 
on the spot to ?t and glued Within the frame. Flat opaque 
portions of the automobile, including the doors, sideWalls, 
?re Wall and rear seat area are measured and retro?tted With 
a ?at rigidly Woven polyester-glass protective layer cut as 
needed to ?t the vehicle together With overlapping ?exible 
layers of Woven ballistic polyester glass ?bers. The vehicle’s 
top and bottom Were equipped With multiple layers of 
?exible ballistic nylon secured by silicone. The fuel tank 
Was Wrapped in ?exible ballistic nylon attached With glue to 
make it become rigid. 

The prior method of producing lightWeight armored 
vehicles Was time consuming, expensive, and required 
extensive modi?cation of the vehicle, particularly to accept 
armored WindoWs. The permanent WindoW mountings made 
it dif?cult to replace damaged WindoWs. Body Work Was 
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2 
required to hide the substantial modi?cation of the vehicle’s 
WindoW frames to accept the thick outer edges of laminated 
armored WindoWs. The edges of the laminated WindoWs 
Were not adequately sealed from atmosphere and moisture, 
thus permitting some of the laminated armored WindoWs to 
delaminate or discolor over time. The ad hoc reframing 
subjected the edges of the armored WindoWs to stress during 
manufacture and use. This caused some of the unreinforced 
armored WindoW edges to crack, particularly in the event of 
temperature changes. Substantial deconstruction and recon 
struction Was required to replace delaminated, yelloWed or 
cracked WindoWs because the armored WindoW Was perma 
nently installed. The opaque armor, ?exible Woven ballistic 
cloth linings, ?at rigidly formed plate, etc. Was chosen for 
ease of manufacture and ease of ad hoc adaption of indi 
vidual armor components to varied vehicles rather than 
ballistic qualities. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
improved lightWeight armored vehicle, improved compo 
nents for lightWeight armored vehicles and other armored 
structures and improved methods of manufacturing light 
Weight armored vehicles and such components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a standard automobile 
retro?tted With lightWeight armor and also, as explained 
beloW, a perspective vieW of plugs molded against inner 
surfaces of the vehicle for use in making molds for making 
the opaque armor. 

FIG. 2A shoWs a Water jet cutting a laminated armored 
WindoW. 

FIG. 2B shoWs the components of a ?at laminated Win 
doW disposed for lamination. 

FIG. 3 shoWs a cut-aWay vieW of a mold for a ballistic 
WindoW. 

FIGS. 4A and 4B shoW a method of bending layers for a 
curved laminated ballistic resistant WindoW. 

FIG. 4C shoWs a method of bending a layer on a steel 
mold. 

FIG. 5A and B shoW an alternative method of making 
curved laminated ballistic-resistant WindoW. 

FIG. 6 shoWs a cross-section of an outer frame for an 
armored Windshield shoWing the edge cap for adapting the 
armored Windshield to ?t Within the original Windshield 
frame of the automobile. 

FIG. 7 shoWs an armored WindoW held by its edge cap 
Within the original WindoW frame of an automobile. 

FIG. 8A shoWs a cross-section of an armored WindoW 
installed Within the original WindoW frame. 

FIG. 9 shoWs the bottom of an armored sidelight. 

FIG. 10A shoWs a cross-section of a break-in resistent 
sidelight installed Within an original sidelight frame. 

FIG. 10B shoWs an alternative version of a break-in 
resistant sidelight installed Within an original sidelight 
frame. 

FIG. 10C shoWs an alternative break-in resistent WindoW 
installed Within an original sidelight frame. 

FIG. 11 shoWs a cross-section of rigid opaque armor With 
ceramic inserts. 

FIG. 12 shoWs an assembly of opaque armor for retro?t 
ting a standard passenger automobile. 



US 6,327,954 B1 
3 

FIGS. 13A, 13B, and 13C show different views of the 
invented Slim Jim Barrier in perspective and as installed in 
vehicles. 

FIGS. 14A and 14B shoW an improved apparatus for 
heating and cooling the interior of a passenger compartment 
through a front ?reWall. 

FIGS. 15A, 15B, and 15C shoW improved door armor in 
different perspectives and as installed in a door, together 
With an improved WindoW regulator. 

FIGS. 16A and 16B, and 16C shoW a break-in resistant 
WindoW in perspective and through a cross section. 

FIG. 17 shoWs an approved apparatus for installing speak 
ers in an armored vehicle. 

FIG. 18 shoWs a cross-section of a ?oor armor joint. 

FIGS. 19A and 19B shoW cross sectional vieWs of edge 
caps and laminated WindoWs. 

FIGS. 20A and 20B shoW an edge cap prior to and after 
installation about a curved compound WindoW. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The improvements described herein produce an improved 
lightWeight armored vehicle by improved methods. These 
improvements include, Without limitation, improved meth 
ods of designing and manufacturing armored WindoWs and 
preparing them for installation, improved methods of 
designing and manufacturing opaque armor, improved 
break-in resistant WindoWs, the collection of the several 
inventions into an ef?cient manufacturing process for light 
Weight armored vehicles and the other inventions described 
herein. 

FIG. 1 shoWs a perspective vieW of a standard automobile 
retro?tted With lightWeight armor. The armored vehicle 1 
has armored Windshield 3, rear armored backlight 5, right 
front armored sidelight 7, right rear armored sidelight 9, roof 
armor 11, ?oor armor 13, front armor 15, rear armor 17, right 
front side armor 19, right rear side armor 21, battery armor 
23, fuel tank armor 25, right front safety tire 27, right rear 
safety tire 29, right door frame armor 31, and right front door 
frame armor 33. 

The left side of the vehicle has armor Which corresponds 
to that shoWn in FIG. 1. The described armor, in conjunction 
With the vehicle’s frame, combines to encompass the pas 
senger compartment of the vehicle 1 Within a protective 
ballistic layer and to improve the likelihood that vehicle 
occupants Will survive an attack on the vehicle and to 
improve the vehicle’s ability to maneuver after being hit 
With projectiles. 

Safety tires 27 and 29 have metal or plastic injection 
molded safety inserts 26 and 28 tightly secured to the Wheel 
rims 22 and 30. safety inserts 26 and 28 have a radius less 
than the inner radius of safety tires 27 and 29. Safety Roller 
brand safety inserts manufactured by Hutchinson of Trenton 
NeW Jersey are acceptable safety inserts. 
WindoW Manufacture 

The ?rst step in manufacturing transparent laminated 
armor is to select the components needed to provide the 
desired level of ballistic resistance and trim them to siZe. 
Transparent armor is typically identi?ed by its United Labo 
ratories (UL) bullet resistance ability. UL II armor is pref 
erably comprised of an outer layer of 0.25 inch ?oat glass, 
a ?rst interlayer of 0.050 inch urethane and a second layer 
of 0.5 inch polycarbonate With a hard surface coating. UL III 
armor is preferably comprised of an outer layer of 0.5 inch 
glass, a 0.050 inch urethane interlayer and a 0.25 inch 
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4 
polycarbonate layer With a hard surface inner coating. UL IV 
transparent armor is preferably comprised of a 0.5 inch ?oat 
glass layer, a 0.060 inch ?rst interlayer of polybutal vinyl, a 
second layer of 0.5 inch glass, a third inner layer of 0.050 
inch polyurethane and a 0.25 inch polycarbonate layer 
having a hard surface coating. UL IV AP armor plate is 
preferably comprised of an outer layer of 0.675 inch glass, 
an interlayer of 0.060 inch interlayer polybutal vinyl, a 0.675 
inch glass layer, a 0.050 inch polyurethane interlayer, and a 
0.25 inch polycarbonate layer. Nato level III WindoW armor 
may be one-half-inch glass, three-eighths-inch glass, and 
three-siXteenths polycarbonate With appropriate interlayers. 
The above descriptions shoW that other variations of layers 
and thickness may be usefully employed. 

It is common in the prior art to siZe bullet resistant glass 
With a diamond saW, laminate the layers and then trim the 
resultant laminated transparent armor With a diamond saW. 
Cutting and trimming With a diamond saW produces sharp 
edges. Sharp edges are unsafe and may cause an uneven 
distribution of forces on the edge of the glass during 
manufacture, mounting, and use; this may cause the glass to 
crack. Current laminated WindoWs installed in automobiles 
sometimes crack on hot days With cold rainstorms due to 
uneven edge stress. 

FIG. 2A shoWs a preferable method of cutting laminated 
transparent armor. As Water jet cutter 37 cuts laminated 
armored WindoW 42 comprised of ?rst glass layer 39, second 
glass layer 40, and polycarbonate layer 41 it both deburrs 
laminated armored WindoW 42 and removes its sharp edges. 
Water stream 41 is preferably comprised of a Water/hard 
particle admixture to speed cutting ballistic glass. The hard 
particles are preferably comprised of 80 to 200 grit granite 
aggregate. Water stream 41 carries the removed glass par 
ticles into the receiving pool 43 thus decreasing gritty 
airborne dust produced by diamond Wheels that can harm the 
optical quality of bullet resistant glass 39. Water jet cutter 37 
is preferably computeriZed to permit standardiZation and 
quality control for mass production. Water jet cutter 37 is 
used both to siZe individual sheets of bullet resistant glass 39 
and 40 and polycarbonate 41 and to trim resultant laminated 
glass/polycarbonate armored WindoWs 42. The smooth 
edges 45 produced by Water cutter 37 minimiZe edge stress 
during manufacture, mounting and use. After trimming 
layers 39, 40 and 41 to siZe they are Washed, cleaned, 
vacuumed and used as transparent armor components. 

If laminated armored WindoW 42 is to be a curved WindoW 
it is cut and its edges trimmed before it is bent to minimiZe 
edge stress during bending. Further smoothing and rounding 
of outer edges of the glass With a Wet belt sander before 
manufacturing processes such as bending and ?nal installa 
tion additionally minimiZes edge stress and possible crack 
mg. 

FIG. 2B shoWs a UL IV transparent armor glass polycar 
bonate stack 47 comprised of 0.5 inch ?oat glass layer 49, 
a 0.060 ?rst interlayer of polybutal vinyl 51, a second layer 
of 0.5 inch glass 53, a second interlayer of 0.050 polyure 
thane 55, a 0.25 inch polycarbonate layer 57 and a hard 
surface coating 59. A 1/16 inch throW aWay polycarbonate or 
glass sheet 61 protects the optical quality of the outer surface 
63 of glass layer 49. A 1/16 inch press glass or polycarbonate 
sheet 65 is placed on top of polycarbonate layer 57 to protect 
hard surface coating 59. 
The glass layers used in the invented method may be 

comprised of OEM safety glass, OEM tempered glass, ?oat 
glass, or any other suitable type of glass. 
The glass to polycarbonate interlayer 55 may usefully 

vary from 0.025 inches to 0.10 inches. For vehicles destined 
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to be used in hot climates it is preferable to use a thicker 
glass to polycarbonate interlayer 55 to accommodate the 
different thermal expansion properties of glass and polycar 
bonate. Interlayer 55 Which is approximately 0.075 inches 
thick is preferable in hot climates. Polyurethane is preferably 
used as interlayer 55 betWeen glass to polycarbonate sur 
faces. Polyurethane layers melt or have a viscosity ?oW 
temperature in the range of approximately 220°—270° Fahr 
enheit. 

Prior art methods typically use a polybutal vinyl ?lm as 
the interlayer betWeen glass to glass surfaces. Prior art 
polybutal vinyl interlayers typically have a viscosity ?oW 
temperature of approximately 280° Fahrenheit and must be 
heated for approximately thirty minutes at that heat to fully 
laminate layers. 

It is useful for the innermost surface of armored WindoW 
42 to be coated With a hard surface coating 59. Because 
typical hard surface coatings have a melting point of 
approximately 277° Fahrenheit it is difficult to heat the 
armored WindoW’s precursor layers and interlayers, includ 
ing the polybutal vinyl layer, suf?ciently to laminate them 
together Without harming the hard surface coating. 
Some prior art methods use uncoated polycarbonate lay 

ers during lamination and bending of the laminated armored 
WindoW because the prior art methods Would otherWise mar 
or melt the hard surface coating. Other prior art methods use 
a polycarbonate layer having a hard surface coating on both 
sides as the polycarbonate layer Work piece. HoWever, a 
hard surface coating on the outboard face of the polycar 
bonate layer attached to second interlayer 55 sometimes 
causes bubbling and imperfect adhesion due to incompat 
ibility of the outboard hard surface coating and interlayer 55. 
A preferable method is to use a polycarbonate layer 57 

With a hard surface coating 59 on the inboard face 60 and not 
on outboard face 62 and a one-sixteenth inch polycarbonate 
press sheet 65 With a melting point loWer than that of the 
hard surface coating 59 as a press sheet on top of the hard 
surface coating 59. Press sheet 65 protects hard surface 
coating 59 and the acceptable optical quality of the outer 
layer of press sheet 65 is transferred to hard surface coating 
59. This permits elimination of the prior art method of 
adding the hard surface coating 59 in a later additional step, 
protects hard surface coating 59 and permits better lamina 
tion. 

Using a throW-aWay glass layer With a silicon coating as 
a press sheet against the inner polycarbonate layer surface 
rather than a throW-aWay polycarbonate layer gives the inner 
polycarbonate surface better optical qualities. 
An additional or alternative preferable method is to use a 

glass to glass interlayer 51 With a loWer softening tempera 
ture than hard surface casting 59. A ?exible plastic ?lm 
Sa?ex TG plastic inner layer, chemical name plasticiZed 
polyvinyl butyryl manufactured by Monsanto Company has 
a viscosity ?oW temperature of approximately 280° Fahr 
enheit. Use of plasticiZed polyvinyl butyryl as the glass to 
glass interlayer makes it possible to heat the glass polycar 
bonate stack 47 sufficiently to laminate glass layers 49 and 
53 together Without raising the temperature high enough to 
create hairline fractures in hard surface coating 59. 
An additional or alternative preferable method is to ?rst 

laminate glass layers 49 and 53 together using Whatever 
interlayer 51 and heat is desirable, including a high heat if 
desired, and second laminate polycarbonate layer 57 to glass 
layer 53 via polyurethane interlayer 55 at a temperature 
substantially less than needed to melt interlayer 51 or Which 
Would mar hard surface coating 59. 
An additional or alternative method is to use an extruded 

sheet of urethane having a viscosity ?oW temperature of less 
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6 
than 220° Fahrenheit as interlayer 51. Preferable such ure 
thane sheets are sold and designated as urethane product 
M.P.2275 by J .P.S. Elastomerics Corp. or urethane product 
275 by Deer?eld, Inc. These products require heating for 
approximately thirty minutes to usefully laminate layers. 
An additional or alternative method is to use urethane 

products as interlayers Which have a useful viscosity ?oW 
temperature as loW as 190° Fahrenheit for laminating layers 
if heated for at least approximately one hour. This permits 
omission of press sheet 65. 

These methods permit the use of a polycarbonate layer 57 
With its inbound surface 60 but not its outbound surface 62 
prepared With hard surface coating 59 as the inner polycar 
bonate layer 57 throughout the manufacturing process of 
making a ?at or curved laminated WindoW. A preferable 
polycarbonate layer 57 With a hard surface coating 59 on 
only one side is Cyrolon ARI polycarbonate sheet manufac 
tured by Cyro Industries of Mt. Arlington, N.J. 

Polycarbonate layers are often delivered With a 3-ml. 
protective ?lm Which creates static electricity When pealed 
off. The static electricity attracts hair and dust to the poly 
carbonate layers marring the resultant armored WindoW’s 
optical clearness. After the protective ?lm is removed from 
the polycarbonate layers it is preferable to clean them With 
a brush designed to remove the static electricity such as a 
Seal E-Z straight brush seal type 6.0 nylon manufactured by 
SealeZe Corporation of Richmond, Va. 
The layers and interlayers 49, 51, 53, 55, 57 are placed 

upon each other as shoWn in FIG. 2B and Wrapped in a 
breathable te?on ?lm 67 With holes 69. A breathable soft 
high temperature blanket 71 is Wrapped about te?on ?lm and 
contents. Te?on ?lm 67 prevents the glass/polycarbonate 
layers 49, 53 and 57 from sticking to high temperature 
blanket 71. 

The high temperature blanket 71 and contents are placed 
on ?rst sheet of high temperature ?lm 73. Sealant tape 75 is 
placed about the edges of ?rst sheet of high temperature ?lm 
73. Second sheet of high temperature ?lm 77 is affixed by 
sealant tape 75 to ?rst sheet of high temperature ?lm 73, 
making an airtight high temperature vacuum bag 78, enclos 
ing the stack of layers 47. Second sheet of high temperature 
?lm 77 has a one-Way outlet 79 for evacuating the space 
Within high temperature vacuum bag 78. Vacuum line 81 is 
connected to one Way outlet 79. Alternatively, a reusable 
clam shell vacuum bag may be used instead of the described 
high temperature vacuum bag 78. The clamshell bag has 
rigid metal sides, a ?exible rubber top and bottom, and an 
outlet. 
The degassed high temperature bag 78 and contents are 

placed in a tack oven. The tack oven’s temperature is 
gradually raised to a range of 130°—160° Fahrenheit, pref 
erably approximately 140° Fahrenheit. This causes interlay 
ers 51 and 55 to become tacky and adhere to layers 49, 53 
and 57. A negative pressure in the range of 17 Hg—30 Hg, 
preferably approximately 29 Hg is pulled on high tempera 
ture vacuum bag 78 and contents through outlet 79 While it 
is being heated in the tacking oven. This removes additional 
residual air and moisture from betWeen layers 49, 53 and 57 
and compresses them together. 

After removal from the tack oven high temperature 
vacuum bag 78 and contents are stood on an end on a cart 

or placed on autoclave table With a ?at segmented surface 
and moved thereon into a high pressure vessel autoclave. 
Negative pressure is continued to be pulled on high tem 
perature vacuum bag 78. The pressure and temperature 
inside the autoclave is gradually increased to a range of 160 
lbs.—210 lbs. per square inch, preferably approximately 290° 
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Fahrenheit and approximately 180 lbs. per square inch and 
then gradually decreased to room temperature and atmo 
spheric pressure during a range of 2—4 hours, preferably 
approximately 2.5 hours. Maintaining pressure, heat and 
vacuum for a longer period of time than is typical in the prior 
art lessens the presence of air bubbles and residual moisture 
betWeen layers 49, 53, 57. This produces a laminated glass 
composite WindoW. 

The laminated WindoW is alloWed to cool sloWly on the 
autoclave table’s ?at segmented surface to minimiZe the 
thermal shock of rapid or uneven cooling Which Would harm 
the laminated WindoW. After the laminated WindoW has 
cooled to room temperature throW-aWay layer 61 and press 
layer 65 are removed. 

The edges are trimmed to siZe and cleaned. The laminated 
WindoW is inspected With back lighting for optical quality. A 
label With a pre-printed identi?cation code is sandWiched 
betWeen layers 59, 53, 57 prior to lamination. When the 
vehicle in Which the laminated WindoW Will be installed 
becomes knoWn the vehicle’s VIN number is etched into the 
armored WindoW. Sheets of plastic are put on the front and 
back of the WindoW to keep it from getting scratched. 

The armored WindoW’s outer edges are coated With ure 
thane and a metal edge cap sealed about the WindoW’s edges 
With urethane. Coating the edges of the laminated layers 
With a urethane sealant and an encapsulating metal edge cap 
protects the armored WindoW from air and moisture getting 
betWeen the layers and protects the armored WindoW’s edges 
from mechanical stress. 
Curved WindoW Manufacture 

Prior art armors typically use curved armored WindoWs 
delivered from major glass manufacturers. The invented 
method permits ef?cient on-site manufacture of curved 
armored WindoWs speci?cally siZed and shaped to ?t in 
desired armored vehicles. 

Curved transparent laminated armor adapted for use in a 
standard vehicle can be made by making a mold using an 
original equipment manufacture (OEM) Windshield or OEM 
side light as a plug. FIG. 3 shoWs a cut-aWay vieW of the 
process of making a mold for such a ballistic WindoW. 
Wooden supports 85 are shaped to support interior side of a 
curved OEM WindoW 87. Curved OEM WindoW 87, sup 
ported by Wood supports 85, is placed in mold container 89 
situated on shaker table 91. An appropriate throW-aWay 
layer 93 may be placed on the outer surface of curved OEM 
WindoW 89 to protect it from being marred. 
Aceramic molding material is mixed in a motor mixer to 

make it castable. A suf?cient amount of prepared molding 
material 95 is added to mold container 89 to completely 
cover curved OEM WindoW 87 in a suf?cient depth to 
prepare a useful mold. Prior art methods typically use time 
and dehydration setting molding materials. It is preferable to 
use a thermo setting molding material. A preferable ther 
mally set ceramic molding material is thermo-sil castable 
220 made by Ceradyne Thermo Materials of Atlanta, Ga. 
Use of a thermal set molding material permits greater 
control and a more ef?cient manufacturing process. 

After molding material 95 is added to mold container 89 
and before molding material 95 sets, shaker table 91 shakes 
mold container 89, curved OEM WindoW 87 and molding 
material 95 to shake out air bubbles and moisture and help 
produce a smooth resultant mold inner surface 97. 
Thereafter, mold container 89 is placed in an oven and 
heated at a temperature high enough to set thermosetting 
molding material 95. 
An alternative mold making process is to spray curved 

OEM WindoW 87 or other substrate object With a material, 
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such as ?berglass, having a loWer melting point than curved 
OEM glass 87 and molding material 95. A ?uid ?berglass 
mixture is placed against the inner surface of the curved 
OEM glass and cured to make a hard ?berglass plug. The 
resultant hard ?berglass plug is removed from the OEM 
WindoW, and placed into and supported in mold container 
89. Molding material 95 is placed on the ?berglass plug and 
the collection shaken to remove air bubbles and help pro 
duce a smooth resultant mold surface. Mold container 89 
and contents are inverted and placed in an oven and heated 
to set molding material 95. This produces a mold for curved 
glass Which duplicates curved OEM WindoW 87. The ?ber 
glass plug’s loWer melting point makes it less likely that the 
surface of mold 97 or curved OEM WindoW 87 Will be 
harmfully etched than if curved OEM glass plug 87 is used 
as the plug. 

FIG. 4A shoWs a method of curving layers of glass and 
polycarbonate on mold 101. ThroW-aWay thin glass or 
polycarbonate sheet 104 (typically Vs an inch thick), glass 
layer 105, interlayer 107, polycarbonate layer 109 and press 
layer of glass or polycarbonate 111, are siZed to produce the 
desired thickness and siZe laminated WindoW, and placed on 
mold 101 as shoWn. This collection is heated in an oven at 
a temperature and for a time period sufficient to bend layers, 
103, 105, 107, 109 and 111 to conform them to mold surface 
99 as shoWn in FIG. 4B. 

After removal of throW-aWay sheets 104 and 111, the bent 
layers 115 and 119 are stacked in the desired order With 
interlayers, placed in a breathable te?on ?lm 67, high 
temperature blanket 71 and high temperature vacuum bag 78 
as described above, the air evacuated from high temperature 
vacuum bag 78 and heat, vacuum, and pressure applied in an 
autoclave to produce a laminated transparent WindoW as 
described above except that it is curved. 
ThroW-aWay thin glass sheet 104 is used betWeen layer of 

glass 105 and mold surface 99 to preserve glass layer’s 105 
optical quality. Aproblem With using throW-aWay thin glass 
sheet 104 betWeen outer layer of glass 105 and mold surface 
99 is that throW-aWay glass sheet 104 sometimes fractures 
during the molding process. These fractures may transfer to 
glass layer 105 during the curving process and harm its 
optical quality. Alternatively, mold surface 99 is rubbed With 
a thin layer of mineral poWder 103 such as talcum poWder. 
Mineral poWder 103 permits glass layer 105 to slide upon 
and conform to mold surface 99 Without adhering to it. 
Alternatively, a ?berglass cloth or other pliable heat resistant 
material is placed on mold surface 99 to permit the molded 
layer to slide on mold surface 99. This eliminates the need 
for throW-aWay thin glass sheet 104 and the problem of 
throW-aWay thin glass sheet 104 sometimes fracturing dur 
ing bending and transferring its fracture lines to glass layer 
105. 

Glass layers bend at approximately 1172°—1200° Fahren 
heit. Polycarbonate layers bend at approximately 277°—325° 
Fahrenheit. Use of the vacuum and pressure autoclave 
methods described herein permit bending at loWer tempera 
tures than possible Without the vacuum and pressure. Glass 
layer 105 and polycarbonate layer 109 are preferably bent 
separately. Use of the methods described above are particu 
larly useful in enabling the use of a polycarbonate inner 
layer With a hard surface coating on it from the beginning. 

Alternatively, FIG. 4C shoWs a method of using a steel 
mold 123 With a curved upper surface to curve glass or 
composite layers. Steel mold 123 is shaped to the curve 
desired for layer 125. Fiberglass cloth 127 or other pliable 
heat resistent material is put on steel mold 123. A throW 
aWay layer 129 of glass or polycarbonate as appropriate is 




















